To extract tRNA, the frozen cells were thawed and resuspended in 50 mM Na acetate buffer pH 5.8 (3 mL buffer per 1g of cells). Equal volume of phenol saturated with mildly acid buffer (50 mM NaOAc pH 5.8) was immediately added to the cell suspension and shaken overnight at room temperature. The aqueous phase was recovered by centrifugation (20 min at 5,000 rpm), and another one volume of buffered saturated phenol was added. The phenol:buffer was vigorously shaken again for 2 minutes at room temperature. After centrifugation, as above, one volume of chloroform was added and mixed vigorously again for 2 minutes at room temperature. The supernatant was recovered by centrifugation and adjusted to 20% isopropanol followed by one hour incubation at -20°C. The pellet containing genomic DNA and long RNA (mRNA and rRNA) was spun down, and the amount of isopropanol was adjusted to 60% final concentration.
After one overnight standing at -20°C, the precipitated small RNAs (mostly 'soluble' RNA = tRNA) were recovered by centrifugation at 4°C, washed twice with cold 70% ethanol (to remove the salts from the cellular extract) and then once with cold 80% ethanol, dried and finally resuspended in 5000 µL water. Further purification steps were achieved on DEAE ® -cellulose (Fisher Scinetific cartridge/5 mL) column or on Nucleobond ® AXR-400 (Clontech Laboratories);
both last chromatography steps were performed according to the manufacturer's protocols. All tRNA extractions and analysis were performed at least twice, independently.
Bulk tRNA digestion for LC-MS/MS analysis.
Four hundred µg of bulk tRNA was resuspended in 100 µL water. To this solution were added tRNA Asp (GUC) was purified from bulk tRNA using biotinylated primers on Streptavidin sepharose resin (GE Healthcare, Pittsburgh, PA) according to Rinehart et al. (5) . Four hundred µg of 5'-biotinylated specific primers (5'biotin-CCCTGCGTGACAGGCAGG-3') in 6X NTE solution (20X NTE solution is 4.0 M NaCl, 0.1 M Tris-HCl pH 7.5, 50 mM EDTA, 5.0 mM 2-BME) were added to the Hitrap Strepaptavidin ® sepharose HP R-10 1 mL column (GE Healthcare). Then, 4.0 mg of total tRNA (10 mg/mL in 6X NTE) were added and incubated at 65°C for 30 min. After incubation, the temperature of the mixture was decreased slowly to 30°C.
The tRNA was washed three times with 3X NTE, 1X NTE, and 0.1X NTE until the absorbance (λ=260 nm) of the wash was zero. The tRNA Asp retained on the beads was eluted with 1 mL of 0.1X NTE at 65°C. 1.0 M NaCl and 80% isopropanol was added to precipitate the tRNA. The pellet was washed with 85% ethanol and dried. The tRNA was resuspended in 50 µL sterile water.
Strains and plasmids constructions.
The ∆queC::Kan R allele was transferred by P1 transduction as described by (6) from the Keio collection strain JW0434-2 (7) into E. coli K12 MG1655 to create strain VDC7012 (MG1655 ∆queC ::Kan R ). The Kan R marker was then excised as described by (8) to create VDC2047 (MG1655 ∆queC). The deletion of the queC gene was verified by PCR using primers chkybaX.ol1 (5'-AGCATACGCACATCTACAAT-3') and chkybaX.ol2 (5'-CATAACATCGCCTTCGTCGT-3'). The ∆queF::Kan R allele was transferred by P1
transduction from the from the Keio collection strain JW2765-2 (7) into VDC2047 and MG1655
to create VDC3274 and VDC3275, MG1655 ∆queC ∆queF::Kan R and MG1655 ∆queF::Kan R respectively. The Kan R markers were excised from both strains to create VDC3280 (MG1655 ∆queC ∆queF) and VDC2043 and (MG1655 ∆queF). The deletion of queF gene was verified by PCR using primers ckyqcD.ol1 (5'-CAAGGCGTTCCACGCAGCC-3') and ckyqcD.ol2
(TCAGCAGGTGGCTGACAAG).
The plasmid expressing SSO0016 (NP_341593.1) under the P BAD promoter was a pMH4
derivative (Kan R , ColE1) gift from the Joint Center for Structural Genomics (La Jolla, CA).
P. calidifontis JCM 11548 genomic DNA was extracted using Nucleobond ® AXR-400 (Clontech Laboratories) according to manufacturer instructions. The Pcal_0221 (YP_001055124.1) gene was amplified from genomic DNA by PCR using primers QueFLikepbad24.ol1 (5'-GGCGCCATGGTCAAGGTCTCCAAGTC-3') and QueFLikepbad24.ol2 (5'-GGCGGCATGCTTAGATGTAGACCGGCGGGA-3'). The obtained PCR fragment was digested with NcoI and SphI and subsequently ligated into pBAD24 (Amp R , ColE1) (9) after digestion with appropriate endonucleases to give plasmid pGPP358. VDC3280 (∆queC ∆queF) was transformed by pMH4::SSO0016 and pBAD24 to give VDC3282 and VDC3281
respectively. VDC2043 (∆queF) was transformed with pGP358 and pBAD24 to give VDC3368 and VDC3367 respectively PCR conditions. Asp , are depicted in bold type. Regions of the tRNA that could not be sequenced by LC-MS/MS, primarily single Gp resides, are in gray. In strain VDC3367 only preQ 0 was found at the wobble position whereas in VDC3368 digestion products with both preQ 0 and G + at the wobble position were found.
Supplemental Figure 6 . Differences in the substrate binding pocket between the canonical (euryarchaeal) arcTGT and crenarcheal arcTGT. a) Structure based multisequence alignment of the crenarcheal arcTGT and the canonical arcTGT in the catalytic domain. Of the canonical arcTGTs, only the Pyrococcus horikoshii sequence is shown. Secondary structure elements from P. horikoshii arcTGT crystal structure (PDB ID 1IQ8, (10)) are shown on top.
Blue arrows indicate substrate recognition determinants in the canonical arcTGT that are conserved in crenarcheal arcTGT. Double arrows indicate substrate binding determinants that are absent in crenarcheal sequences. The recognition features for the preQ 0 cyano group are not conserved in crenarcheal arcTGT. These include Met102 (Leu in all crenarcheal arcTGT), and Val198 (Thr in crenoarcheal arcTGT) located in the preQ 0 selection helix that harbors the major antideterminants against recognition of preQ 1 .
